Version of Record (identical to print version). This contribution belongs to the series "Cytogenetic characterization of the germplasm of wild chili peppers: Capsicum rhomboideum". This research was supported by Consejo Nacional de Investigaciones Científicas y Técnicas (CONICET-Argentina) from which M.G. and D.A.M are career members and P.M.A. is a postdoctoral fellow. Mitotic chromosome preparations and conventional Feulgen staining procedure are described in Aguilera & al. (2011) . DAPI (4′,6-diamidino-2-phenylindole) fluorescence banding technique to reveal possible AT-rich heterochromatic regions (Hc) was performed according to Moscone & al. (1996a) . Double fluorescent in situ hybridization (FISH) approach to unveil the number and localization of 5S and 45S ribosomal loci (rDNA) was carried out following the protocol of Moscone & al. (1996b) and the Capsicum-derived rDNA probes from Grabiele (2010) . DAPI-enhanced (DAPI+) blocks that appear during FISH procedure correspond to heterochromatic regions. For karyotype description forty-six FISH metaphase plates were analyzed and five were included for measurements of chromosomes and their cytological markers to set up the idiogram. Satellites were classified according to Battaglia (1955) . Karyotype asymmetry was estimated by means of A 1 and A 2 (Romero Zarco, 1986) , r > 2 and R (Stebbins, 1971) , AI (Paszko, 2006) and i (centromeric mean; Levan & al., 1964) indexes. Abbreviations used: m, metacentric; sm, submetacentric; st, subtelocentric; NOR, nucleolar organizer region.
Capsicum rhomboideum is a diploid, based on x = 13 wild chili pepper that naturally inhabits in México, Guatemala, Honduras, Colombia, Venezuela, Ecuador and Perú. This taxon grows as a shrub or a small tree with rotate and particularly yellow flowers (Fig. 1A) , spherical red sweet fruits (Fig. 1B ) and brownish seeds (Moscone & al., 2007) .
Capsicum rhomboideum possesses a diploid karyotype formula of 20 m + 2 sm + 4 st chromosomes. The karyotype is slightly unimodal (A 2 = 0.18; R = 2.06) and symmetrical (A 1 = 0.27; r > 2 = 0.15; i = 41.43) and belongs to category 2B of Stebbins and AI = 3.59 . The diploid genome of C. rhomboideum has 74.82 μm and the chromosomes are small to median in length. The smallest one is 1.85 μm (st) and the largest one is 3.79 μm (m) long with a mean chromosome length of 2.88 μm ( Table 1 ). The short arms of the chromosomes of pair 9 (m) present a terminal macrosatellite ( Fig. 2A, B, I ).
DAPI fluorescence staining revealed the lack of AT-rich constitutive heterochromatin (Hc) in C. rhomboideum, evidenced by the absence of DAPI-enhanced chromosomal regions (DAPI+) in both metaphase and interphase nuclei (Fig. 2B, C) .
FISH of the 45S rDNA probe to metaphase chromosomes showed two 45S rDNA loci per diploid genome, located at the short arms of the chromosomes of pair 9. Particularly, the red signals of the ribosomal probe hybridization were observed on the macrosatellites and a small region of the short arms located next to the secondary constriction of the current pair 9. These loci are consistent with the NOR active regions (CMA+ DAPI-NOR-associated Hc) found in this taxon ( Fig.  2D , E, G, I; Moscone & al., 2007) .
Furthermore, FISH of the 5S rDNA probe showed two 5S rDNA loci per diploid genome. These loci were visualized as green signals located interstitially on the short arms of the chromosomes of pair 3 (Fig. 2D , E, H, I).
DAPI-enhanced regions (DAPI+) became visible during rDNA FISH process and were observed as bright blue signals. These FISH-DAPI+ bands are indicative of constitutive heterochromatin and appeared in all but two chromosome pairs (Fig. 2F, I ). Five chromosome pairs (1, 2, 4, 6, 7) display these bands at pericentromeric position of both short and large arms. In addition, a paracentromeric band was located at the short arms of pairs 5 and 8 and the large arm of pair #13. Moreover, three pairs (2, 3, 10) showed an intercalary band at their large arms; two pairs (11, 12) were not banded by this method. Singularly, FISH-DAPI+ intercalary and terminal bands at the short arms of the chromosome pairs 3 and 9 correspond to rDNA-associated Hc, respectively (Fig. 2F) .
CMA banding performed previously in this accession showed small CMA-enhanced regions (CMA+) at the chromosome ends of most pairs including the macrosatellites of pair 9 (Moscone & al., 2007) . These CMA+ regions did not appear as FISH-DAPI+ in this study. The chromosome ends remained euchromatic, suggesting that terminal CMA+ bands could be related to true telomeric sequences (Vaquero-Sedas & Vega-Palas, 2011) . Otherwise, it could be an inefficacy of the FISH-DAPI technique to reveal those petite bands. Combined evidence supports that FISH-DAPI+ bands in fact correspond 
Fig. 2. Cytogenetic characterization of Capsicum rhomboideum.
A, conventional Feulgen-stained metaphase chromosomes; B, C, DAPI-stained metaphase chromosomes and interphase nuclei, respectively; note the absence of DAPI-enhanced (DAPI+, bright blue) regions that indicate the lack of AT-rich Hc; D, E, FISH of rDNA probes to metaphase chromosomes (5S, green signals; 45S, red signals; DAPI, blue); F, DAPI-stained metaphase plate submitted to 5S and 45S rDNA FISH but deprived of rDNA signals and colour-inverted to stand out the blocks (dark grey) that appear during FISH procedure corresponding to heterochromatic regions; G, H, selected metaphase chromosomes carrying 45S and 5S rDNA loci, respectively; I, idiogram; note that combined cytological markers permit to discriminate to each chromosome. -Asterisks point out chromosomes carrying NORs and arrowheads indicate localization of 5S rDNA loci. Scale bars = 5 µm.
to a novel class of Hc in C. rhomboideum, which is not AT-rich and/ or GC-rich (Moscone & al., 2007; present work) .
An exhaustive cytogenetic description of C. rhomboideum was performed by means of diverse approaches. In combination, these cytological markers permitted to distinguish unequivocally each chromosome pair of this species. Polymorphisms for the cytological markers were not detected.
Our results, coupled to previous studies on the karyotype of C. rhomboideum (Moscone & al., 2007) sustain an ancestral state for this species in the phylogeny of Capsicum. In addition, molecular studies on the 5S rRNA NTS sequence (Grabiele, 2010) and the particular red nonpungent sweet fruits of C. rhomboideum (Bosland & Zewdie, 2001) RAS, Prof. Popov Str. 2, 197376 St.-Petersburg, Russia * Author for correspondence: victor.chepinoga@gmail.com
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The original data counted by A. Gnutikov were supplemented by several CN from plants found in the Herbarium LE (St.-Petersburg) that remained unpublished. The CNs were marked on herbarium sheets. The counts were made by V. Belyaeva and M. Pimenov, collectors of these specimens. * New chromosome number (cytotype) for the species. ** First chromosome count from a Siberian accession. Carneiro & al. 34 (HDELTA 284) . [Fig. 3C] The family Pontederiaceae consists of nine genera and 33 species, divided into three tribes: Eichhornieae, Heteranthereae and Pontederieae (Cook, 1998; Graham & al., 1998; Simpson & Burton, 2006) . It is pantropical in distribution; most species and genera occur in the Neotropical region and a few species occur in northern and southeastern Canada, and in southern and southeastern Argentina.
Other species are found in South Africa, Madagascar, Southeast Asia and Australia (Simpson & Burton, 2006) . In Brazil, 19 species occur, in genera Eichhornia Kunth, Heteranthera Ruiz & Pav., Hydrothrix Hook.f. and Pontederia L. (Amaral, 2013) .
The genera of Pontederiaceae are morphologically similar, which causes problems for the precise determination of species number, and cytogenetic information can be a useful supplement for taxonomic identification. For Brazilian taxa, chromosomal studies are scarce, with only a few species analyzed. According to the IPCN, in this family the chromosome number varies between 2n = 14 (Heteranthera oblongifolia C.Mart. ex Roem. & Schult.) to 2n = 80 (Monochoria vaginalis (Burm.f.) C.Presl). Banerjee (1974) , who studied the cytogenetics of several species, has published papers dealing with Pontederiaceae: Eichhornia crassipes (2n = 32), Monochoria hastifolia C.Presl (2n = 28), M. vaginalis (2n = I 52, II 26, III 80, n = III 80) and M. vaginalis var. plantaginea (Roxb.) Solms (2n = 52). Pedrosa & al. (1999) published chromosome numbers for Eichhornia crassipes and E. paniculata (Spreng.) Solms, with 2n = 32 and 2n = 16, respectively. Monochoria vaginalis is the taxon that shows the highest chromosomal variation.
Currently, chromosome numbers have been recorded for four genera and 13 species of the family Pontederiaceae. Recognizing the importance of chromosomal numbers for better delimitation of the species, in the present study focused on the determination of the chromosome numbers of three species of Pontederiaceae that occur in the Delta region of the Rio Parnaiba, in Piauí state, northeastern Brazil.
All cytological investigations have been carried out on root tips from plants collected between 2011 and 2012. The root tips were pretreated with 8-hydroxyquinoline for 24 hours at 8°C and fixed with Farmer solution (3 : 1, ethanol : glacial acetic acid). The slides were prepared following Guerra & Souza (2002) and stained with 2% Giemsa.
The chromosome numbers obtained varied from 2n = 14 to 2n = 32 (Fig. 3) . In all species, the chromosomes were small in size, ranging from 1.5 to 3 µm, which made it difficult to construct the karyotypes.
Eichhornia crassipes. -It is the commonest species of eutrophic sites. Eichhornia crassipes has a chromosome number of 2n = 32; its chromosome size ranged from 1.5 to 2.2 μm (Fig. 3A) , which is comparable to the report by Banerjee (1974) , who reported a chromosome size variation of 1.5 to 3 μm for the same species. The chromosome number found in this study agrees with reports of other authors (Banerjee, 1974; Wang & Wang, 1989; Selvaraj, 1993; Pedrosa & al., 1999) . Intraspecific chromosome variation was observed for India populations by Selvaraj (1993) who reported 2n = 64.
Eichhornia diversifolia. -The chromosome number observed was 2n = 30, with chromosome size ranging from 1.5 to 3.0 μm (Fig.  3B) . Eckenwalder & Barrett (1986) also found this number, and so far no intraspecific variation has been observed for this species.
Heteranthera rotundifolia. -This species did not show chromosomal variation and the chromosome number was 2n = 14 in all cells observed. The length of the chromosomes ranged from 1.7 to 2.1 μm (Fig. 3C) . This is the first count for the species, and agrees with that of H. oblongifolia (Eckenwalder & Barrett, 1986 Type, amount and distribution of constitutive heterochromatin (Het) and ribosomal loci (rDNA) were analyzed by means of fluorescence bandings (CMA and C-DAPI) and fluorescent in situ hybridization (FISH) approaches, respectively. CMA (chromomycin A3), specific to GC-rich Het regions, was performed according to Moscone & al. (1996a) . C-DAPI, which reveals total Het regions, was carried out following C-banding protocol of Schwarzacher & al. (1980) with the modification introduced by Lambrou & Ehrendorfer (2000) that includes a final staining with 4′,6-diamidino-2-phenylindole (DAPI) instead of Giemsa. Double FISH of 5S and 45S rDNA was achieved according the protocol of Moscone & al. (1996b) and the Capsicumderived rDNA probes from Grabiele (2010) .
Somatic chromosome preparations and the procedure for measurements of chromosomes and their landmarks to build the idiogram are described in Moscone & al. (1996a) . Thirty metaphase plates were analyzed and five of them were included for measurements. Asymmetry indexes: A 1 and A 2 (Romero Zarco, 1986); r > 2 and R (Stebbins, 1971) ; AI (Paszko, 2006) ; i (centromeric mean). Abbreviations used: m, metacentric; sm, submetacentric; st, subtelocentric.
Capsicum baccatum var. praetermissum is a wild chili pepper native to central and SE Brazil, restricted to the phytogeographic domains of Cerrado, Pantanal and Mata Atlãntica, but also occurs at Paraguay (Moscone & al., 2007; Stehmann & al., 2013) . Three other varieties have been described for C. baccatum, i.e., baccatum L., pendulum (Willd.) Eshbaugh and umbilicatum Hunz. & Barboza.
This taxon is diploid, based on x = 12, it displays median size to large chromosomes, with lengths ranging from 5.25 (sm) to 8.17 (m) µm, a mean of 6.90 µm and 82.48 µm per haploid genome. The karyotype, 11 m + 1 sm, is markedly unimodal (A 2 = 0.12; R = 1.56) and symmetrical (A 1 = 0.15; r > 2 = 0.00; i = 45.67) and belongs to the category 1A of Stebbins and AI = 0.94 of Paszko. Pairs 6 (m) and 12 (sm), that carry the active nucleolar organizer regions (NORs), display a terminal macrosatellite in their short arms (Fig. 4A) .
In addition, CMA fluorescence banding revealed the presence of eighteen CMA-enhanced regions (CMA+) in the whole haploid chromosome complement that actually correspond to GC-rich Het (Fig. 4A, G) . These regions are entirely terminals with exception to the intercalary band of pair 10. Particularly, even though the entire terminal regions of large arms of pairs 3 and 5 are CMA+, a superior CMA enhancement is observed at intercalary position if compared. NOR-associated Het of pairs 6 and 12 is GC-rich as usual in plants and embraces the terminal macrosatellites and a small portion of their respective short arms.
C-DAPI fluorescence banding exposed twenty-one DAPIenhanced regions (DAPI+) corresponding to total Het blocks, eighteen of which mimic the CMA+ banding pattern (Fig. 4B) . The three additional bands at intercalary positions of pairs 2 and 10 and at the terminal location of the latter (Fig. 4B, G) , correlate with those ATrich DAPI+ bands found in this accession by means of DAPI staining (Scaldaferro & al., 2013) . Double FISH of rDNA probes to metaphase chromosomes revealed an intercalary 5S locus at the short arm of pair 7. (Fig. 4C, E) . Furthermore, fourteen 45S rDNA signals were observed, two of them at the expected active NORs chromosome pairs 6 and 12 ( Fig. 4C, E) . Additional marks correspond to the typical NOR-inactive Het found in Capsicum (Grabiele, 2010; Grabiele & al., unpub.) . Co-localization of 45S rDNA signals and total Het blocks that appear during FISH procedure (FISH-DAPI+), which mimic the C-DAPI banding pattern, unveiled the heterochromatic state of these ribosomal regions, more pronounced in the NOR-inactive loci ( Fig. 4C-F) . The remaining CMA+, C-DAPI+ and FISH-DAPI+ non-ribosomal Het of pairs 1, 3, 5, 7, 8 and 9 (Fig. 4G ) indeed correspond to the mixed AT/GC-rich Het observed in this accession by means of triple staining (Scaldaferro & al., 2013) . The differential CMA enhancement of the distal portions of large arms of pairs 3 and 5 described above is explained in terms of their distinctive repetitive sequences nature (Fig. 4G) .
The combined cytogenetic approach presented here allowed the attainment of a detailed cytological map of Capsicum baccatum var. praetermissum in that each chromosome can be further classified by means of diverse landmarks (Fig. 4G ). Polymorphisms for these cytological markers were not observed. Neither peri/paracentromeric Het was detected. Different Het fractions comprise 15% (12.40 µm) of the haploid genome and Euchromatin/Het ratio is 5.65 : 1.
Cytogenetic divergence is found between the variety praetermissum here depicted and the remaining three varieties of C. baccatum, mainly at the type and amount of Het, the genome size and the number of active-NORs in addition to distinct floral features (Moscone & al., 2007) . Contrasting, viable hybrids and similarities at the DNA level support a close relationship among them (Grabiele, 2010) . Cytogenetic differences allowed to Moscone & al. (2007) to propose a specific rank for C. baccatum var. praetermissum, a subject to be further examined. This is the first record of the presence of B chromosomes for the species. During meiosis, the species exhibits the presence of one B chromosome along with equal distribution of 7 : 7 chromosomes at anaphase I (Fig. 5A ). The current chromosomal report is the first record of the chromosome number for this species from India and is found to be in agreement with the previous single report of 2n = 18 by Offerijns (1936) The haploid chromosome number has been counted at diakinesis in pollen mother cells (Fig. 5C ) and it represents a new chromosome number for this species. Earlier, it was reported to have 2n = 30 (Patwary & al., 1987) from Bangladesh, 2n = 90 (Kammathy & Rao, 1965; Mehra & Sachdeva, 1976) The chromosome number of n = 30 has been counted at diakinesis in pollen mother cells (Fig. 5D ). The present chromosome count is the first record of a tetraploid cytotype for this species. Study of PMCs clearly shows the presence of 12 bivalents at diakinesis (Fig. 5F ), which is an additional chromosome number for the species on a world-wide basis as the species is previously known to have 2n = 20 from India (Renugadevi & Sampathkumar, 1986) and from outside of India (Jones & Jopling, 1972) . The chromosome number of n = 12 has been counted at anaphase I in pollen mother cells (Fig. 5G ). This tetraploid cytotype represents a new chromosome number for the species. Previously, the species is known to have other cytotypes with 2n = 20 (Rao & al., 1970) and 2n = 18 (Raghavan & Rao, 1961) The present chromosomal count agrees with earlier reports by Sobhan & al. (1991) and García Velazquez (1998) from outside of India. Earlier, the species is also known to have 2n = 18 by García Velazquez (1998) from outside of India. The haploid chromosome number has been counted at late anaphase I in pollen mother cells (Fig. 5H ). The pollen mother cells of the species clearly reveal 32 bivalents at diakinesis (Fig. 5I ). Previous reports comprise other cytotypes as 2n = 16 from the Western Himalayas (Mehra & Sachdeva, 1975) and eastern part of India (Rath & Patnaik, 1972 ), 2n = 20 from different parts of India (Sharma & Sarkar, 1968; Sanyal, 1972) and 2n = 72 from Punjab plains (Bir & al., 1988) and Pakistan (Khatoon & Ali, 1993) . DIOSCOREACEAE ** Dioscorea bulbifera L. n = 10, CHN. India, Himachal Pradesh, Kangra, Dharamsala, 32°13′ N, 76°19′ E, 1600 m, along water channels, 7 Jul 2011, Harpreet Kaur HK 28175 (PUN 56668). [Fig. 5J] This is the first record of the diploid cytotype for this species. Earlier, the species is also reported to have 2n = 36, 54 (Miège, 1954; Martin & Ortiz, 1963 ) from outside of India and 2n = 40, 60, 80 (Chin & al., 1985 ), 2n = 70 (Sharma, 1970 , 2n = 98 (Raghavan, 1958) , 2n = 100 (Martin & Ortiz, 1963; Ramachandran, 1968) both, from India and outside of India. The haploid chromosome number has been counted at anaphase-I in pollen mother cells (Fig. 5J) . The current chromosome count agrees with the previous report of 2n = 60 by Wulff (1937) from Schleswig-Holstein (Germany) and adds a new cytotype from India. Earlier, Mehra & Sachdeva (1976) reported 2n = 80 from the western Himalayas. The haploid chromosome number has been counted at metaphase I in pollen mother cells (Fig. 5L) . Presently, meiotic studies of the species have been made for the first time from India. PMCs reveal n = 30 (Fig. 5K ) contrary to the previous reports by Rohweder (1937) and Delay (1947) from outside of India. The species is also known to have a large number of other cytotypes (2n = 27-37, 54, 58-78, 80, 81, 100, 106, 108, 110, 115, 120) from different parts of the world. This record is in accordance with an earlier report of 2n = 18 by Shao & al. (1993) from China and represent a new record for India. Previously, the species is reported to have 2n = 24 (Shao & al., 1993 ), 2n = 28 (Baltisberger & al., 2002 , 2n = 30 (Pandita & Mehra, 1982; Roy & al., 1988 ), 2n = 54 (Yang & al., 1992 , 2n = 56 (Tamura, 1993), 2n = 58 (Yang & al., 1992) and 2n = 60 (Pandita & Mehra, 1982) from India as well as from outside of India. The haploid chromosome number has been counted at metaphase I in pollen mother cells (Fig. 5M) . The haploid chromosome number has been counted at anaphase I in pollen mother cells (Fig. 5O ). This octoploid cytotype (n = 20) represents a new report for the species. Previously, Mehra & Sharma (1975a) PMCs depict n = 24 at anaphase I (Fig. 5P ) which is a new report for India but in conformity with the previous report by Larsen (1963) from Thailand. Earlier, the species is also known to have other cytotypes as 2n = 16 (Christopher & Abraham, 1971 ), 2n = 20 (Sindhe, 1980 ), 2n = 32 (Sinha & al., 1990 ) and 2n = 54 (Larsen, 1963) . ** Chrysopogon serrulatus Trin. n = 20, CHN. India, Himachal Pradesh, Kangra, Dyot, 32°04′ N, 76°56′ E, 2800 m, near cultivated fields, 14 Aug 2009, Harpreet Kaur HK 24816 (PUN 52580). [Fig. 5Q] This is the first record of a tetraploid cytotype for this species. Previously, the species was reported to have 2n = 20 (Ahsan & al., 1994) and 2n = 80 (Faruqi & al., 1979) from Pakistan. The haploid chromosome number has been counted at diakinesis in pollen mother cells (Fig. 5Q ). The haploid chromosome number has been counted at metaphase I of meiosis in pollen mother cells. PMCs of the species reveal n = 36 at metaphase I (Fig. 5S ), which is an additional chromosome number for the species on the world-wide basis. Earlier, the species is reported to have 2n = 36 from India (Sharma & Sharma, 1979; Sharma & Kumar, 1980) and Thailand (Larsen, 1963) . The current chromosome count agrees with the previous report of 2n = 54 by Singh & Godward (1960) from East Africa. Previous studies also show the presence of 2n = 18 (Olorode, 1975) and 2n = 36 (Feng & Zhang, 1993; Hunziker & al., 1998) . The haploid chromosome number has been counted at metaphase I in pollen mother cells (Fig. 5T ). The meiotic chromosome number n = 18 is revealed here, which is a new chromosome number for this species on the world-wide basis. Earlier studies reveal the presence of 2n = 30, 40 and 44 cytotypes. This variety of the species has been cytologically analysed for the first time and revealed diploid cytotype with n = 7 at metaphase I (Fig. 6B ). The present report of n = 20 with the occurrence of one B chromosome (Fig. 6C ) is a new chromosome number for the species in addition to the first report of a B chromosome for the tetraploid cytotype. Earlier, the species is also known to have 2n = 20 (Mehra & Sharma, 1977) , 2n = 60 (Mehra, 1982) and 2n = 80 (Mehra, 1965) PMCs of the species revealed n = 16 at metaphase I (Fig. 6D) which is a new chromosome number for the species on a world-wide basis. Earlier studies for the species also showed the numbers 2n = 18 (Koul & Gohil, 1991; Hamoud & al., 1994 ), 2n = 28 (Bir & Sahni, 1985 and 2n = 36 (Narayan, 1962) . The present report of diploid cytotype with n = 10 is a new and additional chromosome number for the species. Previously, the species is also known to have many polyploid cytotypes as 2n = 40 (Pandey & Sinha, 1997; Burson & Hussey, 1998) , 2n = 50 (Mehra & Sharma, 1975b; Spies & Du Plessis, 1987) and 2n = 60 (Christopher & Abraham, 1976; Ahsan & al., 1994) from India as well as from outside of India, and 2n = 54 only from India (Mehra & Chaudhary, 1976 Fig. 6F ]
** Eragrostis poaoides
The haploid chromosome number has been counted at anaphase I of meiosis in pollen mother cells (Fig. 6F) , making a new record of additional cytotype for the species. The species is already known to have 2n = 20 from India (Sharma & Sharma, 1979) and Pakistan (Ahsan & al., 1994) and 2n = 22 (Mehra & Sunder, 1969) , 2n = 60 (Mehra & al., 1968) and 2n = 80 (Mehra, 1965) only from India. The current chromosome count agrees with the previous report of 2n = 42 by Spies & Voges (1988) from Africa and adds a new chromosome cytotype for India. Earlier, the species is also known to have 2n = 14 (Spies & al., 1996) from South Africa, 2n = 56 (Queiros, 1974) from Portugal, and 2n = 28 from India as well as outside of India (Sinha & al., 1990; Spies & al., 1996) . The haploid chromosome number has been counted at metaphase II in pollen mother cells (Fig. 6G ). Earlier records for this species from India represent 2n = 14 (Mehra & Sunder, 1969 ) and 2n = 28 as reported in our previously published data (Kaur & al. 2011) . The presence of B chromosomes is reported here for the first time. The haploid chromosome number along with one B chromosome has been clearly seen at diakinesis in pollen mother cells (Fig. 6H ). ** Poa setulosa Bor n = 14 + 0-1B, CHN. India, Himachal Pradesh, Kangra, Bhagsunaag, 32°14′ N, 76°22′ E, 1650 m, near agricultural fields, 14 Aug 2009, Harpreet Kaur HK 24884 (PUN 52591). [Fig. 6I] This is the first record of the presence of B chromosomes for the species. During meiosis, the species exhibited 14 bivalents with the presence of one B chromosome at diakinesis in pollen mother cells (Fig. 6I ). Study of PMCs clearly shows the presence of n = 7 at metaphase I (Fig. 2J) , which is an additional chromosomal record for the species on a world-wide basis as the species is previously known to exhibit 2n = 20 from India (Kalia, 1978; Mehra, 1982) and from outside of India (Gould & Soderstrom, 1974) . n = 14, CHN. India, Himachal Pradesh, Kangra, Chandpur, 32°13′ N, 76°18′ E, 1676 m, on rocks along roadsides, 13 Mar 2011, Harpreet Kaur HK 28130 (PUN 56393). [ Fig. 6K ]
The chromosome number of n = 14 has been counted at diakinesis in pollen mother cells (Fig. 6K ). This tetraploid cytotype is a new chromosome number for the species. Pollen mother cells of the species exhibit n = 16 at metaphase I (Fig. 6L) and represents a new chromosome number for the species. Previously, other cytotypes were reported, as 2n = 36 from Nigeria (Olorode, 1975) and India (Kaur & al., 2011) ; 2n = 54 from southern India (Christopher & Abraham, 1976) and from outside of India (Dujardin, 1978) as well as 2n = 56 from the eastern part of India (Sarkar & al., 1976) . ** Setaria homonyma Chiov. n = 16, CHN. India, Himachal Pradesh, Kangra, Jwala Ji, 32°12′ N, 76°08′ E, 700 m, waste places and along cultivated fields, 20 Aug 2011, Harpreet Kaur HK 29204 (PUN 56400). [ Fig. 6M] Meiotic studies of the species revealed n = 16 in the pollen mother cells at diakinesis (Fig. 6M) , which is a new chromosome number for the species. Previously, the species is already known to have 2n = 18, 20 from India only (Gupta & Singh, 1977) and 2n = 36 both from India and outside of India (Tateoka, 1965; Mehra & Sharma, 1975b) . Fig. 6N] The presence of the B chromosomes in this hexaploid cytotype represents the first report of B chromosomes for the species. Earlier studies exhibited other numbers as well, 2n = 20 (Sharma & Sharma, 1979) and 2n = 22 (Sisodia, 1971) from India. The haploid chromosome number with two B chromosomes has been counted at metaphase I in pollen mother cells (Fig. 6N ). The presence of B a chromosome in this hexaploid cytotype is reported here for the first time on a world-wide basis. Earlier studies show the presence of B chromosomes in the diploid cytotype from Africa as 2n = 14 + 0-1B (Spies & al., 1999) and 2n = 14 + 2B (Spies & Voges, 1988) . This record is in accordance with an earlier report of 2n = 24 by Patwary & al. (1989) from Bangladesh and thus, is a new chromosomal number for India. Previously, the species is reported to have 2n = 26 (Ghosh & Bhattacharya, 1981 ), 2n = 72, 74 (Banerjee, 1974 and 2n = 80 (Chatterjee & al., 1989) from India and 2n = 52 (Ghosh & Bhattacharya, 1981; Wang & Wang, 1989) both from India and outside of India. The haploid chromosome number has been counted at metaphase I in pollen mother cells (Fig. 6P) . We acknowledge the financial support provided by the Scientific Grant Agency VEGA, Bratislava, Slovakia (grant VEGA 2/0008/13). CHN: Chromosome numbers were determined in mitotic metaphase cells from root tips taken from germinating seeds collected in situ. The root tips were pretreated in 0.002 M aqueous solution of 8-hydroxyquinoline for 3−9 h at 4°C, and fixed in a mixture of 96% ethanol and concentrated acetic acid (3 : 1) for 24 h at 4°C. For maceration a mixture of concentrated hydrochloric acid and 96% ethanol was used (ca. 5 min). Squashes were made using a cellophane square (Murín, 1960) and stained in 10% Giemsa stock solution in 0.2 M Sörensen phosphate buffer for 1 h.
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FCM: Measurements were done with Partec CyFlow ML flow cytometer equipped with an HBO-100 mercury arc lamp, nuclei were stained using the AT-selective DAPI fluorochrome (4′,6-diamidino-2-phenylindole). Individuals with known chromosome numbers were analyzed simultaneously along with an internal standard (Lycopersicon esculentum 'Stupnické polní rané', 2C = 1.96 pg; Doležel & al., 1992) , and the ratio of their G1 peak positions was recorded. The DNA ploidy levels of the analyzed plants (of unknown chromosome numbers) were then assessed by their peak position relative to the standard peak. Fresh leaves or cotyledons were used for analysis. In the Pannonian region of Central Europe the genus Salsola L. is represented by three taxa: S. collina, occasionally adventive or rarely naturalized alien species; S. kali subsp. ruthenica, autochthonous (or rather archeophytic) taxon; and S. soda, rare autochthonous taxon restricted to salt lakes. There are only few data on their chromosome numbers reported from this territory: Salsola kali subsp. ruthenica, 2n = 36; Slovakia: Váchová & Májovský (1978) , Hindáková & Schwarzová (1980) ; Czech Republic: Tomšovic (1990) , based on the unpublished chromosome number count of the plant from Mušlov (distr. Břeclav) counted by L. Kirschnerová (V. Jarolímová, pers. comm.). Salsola soda, 2n = 18; Hungary: Pólya (1948) ; Romania: Tarnavschi (1948) .
Salsola collina was found by Vidéki (2005) as a new alien species to the flora of Hungary. We confirmed its naturalized occurrence in one of two published localities. The estimated diploid level of the analyzed plants is in agreement with the chromosome number 2n = 18 published on the basis of the analyses of the plants from the U.S.A. (Pohl & Gillespie, 1959) and from Siberia and the Far East in Russia (Lomonosova & Krasnikov, 1993; Lomonosova & al., 2005; . Presented ploidy level record is new not only for Hungary, but for whole Europe as well.
For Salsola kali subsp. ruthenica tetraploid populations were found in Slovakia, Austria, Hungary and the Czech Republic. Our presented results confirmed previously published chromosome number for this taxon not only for two localities which were already analyzed by other authors (Mušlov, Czech Republic-Tomšovic, 1990 and Jarolímová, pers. comm.; Marcelová, Slovakia-Váchová & Májovský, 1978; Hindáková & Schwarzová, 1980) , but also from 16 other localities in the Pannonian region of Central Europe. Central European inland populations of S. kali subsp. ruthenica (syn. S. kali subsp. rosacea) were recently classified by some authors as S. tragus (Mosyakin, 1996; Rilke, 1999; Walter, 2008; Danihelka & al., 2012) and vice versa, to S. tragus the name S. kali subsp. pontica (Pall.) Mosyakin was misapplied (Mosyakin, 1996; Rilke, 1999 [as S. tragus subsp. pontica (Pall.) Rilke]). Salsola tragus was described by Linnaeus (1756: 13) from sandy coastal habitats of the Mediterranean Sea (according to the specimen collected by Sauvages in the region of Montpellier, LINN 315.3) and the name should be used in this original sense. It has the same ploidy level as S. kali subsp. ruthenica, however, morphology (distinctly succulent leaves, bracts and bracteoles; bracts long spine-tipped) and ecology of coastal S. tragus is different from that of inland S. kali subsp. ruthenica. Therefore S. kali subsp. ruthenica should not be simply included in S. tragus.
Our analysis of S. tragus from ten localities on the coast of the Mediterranean and Black Sea confirmed the chromosome number record 2n = 36 from Bulgaria (Grozeva 2013) .
For both the inland and coastal plants of S. soda diploid level was estimated in accordance with the chromosome number 2n = 18 published for the plants from France, Italy, Portugal and Russia (cf. Lomonosova, 2013; Goldblatt & Johnson, 2014) . For this species also tetraploid number 2n = 36 was sporadically reported from seashores, e.g., from Greece (cf. Tan, 1997 In north-eastern Brazil, the occurrence of granite rock outcrops, called inselbergs, is frequent. The major part of these regions host a semi-arid forest vegetation as the ecoregion "Caatinga", as well as inselbergs, are experiencing high temperatures and water-stress. Plants well adapted to physically stressed ecosystems, like anthropogenic (Stebbins, 1971) and arctic environments (Brochmann & al., 2004) , tend to comprise higher amount of polyploids than plants commonly found in more stable environments. In relation to plants found on inselbergs it was observed that, in at least three genera, there is a correlation between polyploidy and saxicolous habitat adaptation (Felix & Guerra, 2000; Yamagishi-Costa & Forni-Martins, 2009; Felix & Guerra, 2010) , suggesting that in other saxicolous plant groups there might be the same tendency. In the present work, ploidy level variation was analyzed in plants with exclusive or simultaneous occurrence on inselbergs and/ or Caatinga by Giemsa conventional staining (Guerra & Souza, 2002) . The main objective of this work was to analyze the polyploidy occurrence in such plants and to verify the relationships between polyploidy, taxonomic groups and occurrence on rock outcrops.
In total, 30 analyzed species belong to 26 genera and 15 families; for two genera (Blutaparon and Paliavana) and 20 species no previously published chromosome records were available. For the other species previously published counts were confirmed, except for Conocliniopsis prasiifolia, for which the present count of 2n = 20 diverged from other records published for this species (2n = 10, 30, reported as for Eupatorium ballotaefolium; Moore, 1973) . Chromosome numbers varied from 2n = 14 in Aristolochia birostris to 2n = 64 in Alternanthera paronychioides. Of these records, only the counts of 2n = 64 in Alternanthera paronychioides and 2n = 44 in Melocactus bahiensis, M. ernestii and Pilosocereus pachycladus differed from the diploid numbers reported for congeneric taxa (see, e.g., Castro & al., 2013) . These data corroborate the idea that inselberg orchids of the genera Oncidium (Felix & Guerra, 2000) , Epidendrum (Felix & Guerra, 2010; Assis & al., 2013) and Cattleya (YamagishiCosta & Forni-Martins, 2009 ), could present higher ploidy levels than cytotypes of the same genera distributed in other environments. On the other hand, the other species did not present any tendency to polyploidy that could be related to inselberg colonization or to semiarid vegetation of Caatinga. Similarly, in the analyses of 18 species and 5 genera of Convolvulaceae occurring in saxicolous habitat, no tendency to polyploidy related to this kind of habitat was observed (Pitrez & al., 2008) . In general, the data presented here, as well as the data gathered from the literature, suggest that in the majority of inselberg plants, the occurrence of polyploids is a random process, without any correlation to this kind of habitat, except some orchid groups with a possible epiphytic ancestor. In Melocactus a high occurrence of polyploidy was observed (Castro & al., 2013) , but in this genus polyploidy occurs not only in inselberg species (Anderson, 2001 The Euphorbiaceae family comprises 218 genera and 5735 species with pantropical distribution (Stevens, 2014) . Croton L., one of the main Euphorbiaceae genera, is subdivided in 40 sections with more than 1300 species, of those 314 species and 29 sections occur in Brazil (Cordeiro & al., 2014) and 52 species and 18 sections occur specifically in the northeast region of Brazil (Cordeiro & Carneiro-Torres, 2006) . Cytologically, the Croton chromosome numbers range from 2n = 16 (Perry, 1943) to 2n = 64 (Fedorov, 1969) , even though they are known only for 39 species, which represents less than 3% of all 1300 described species.
The genus Manihot Mill. has 110 Neotropical species and Brazil is considered as its diversity center, encompassing 72 species, including 66 endemic ones (Cordeiro & al., 2014) . It is very stable regarding chromosome number, prophase condensation pattern and interphase nucleus structure. These characteristics were confirmed in the present work, as well as in other studies of Manihot species in the northeast and west-central regions of Brazil (Perry, 1943; Nassar, 1978 Nassar, , 1980 Carvalho & Guerra, 2002) .
The aim of this work was to confirm previous chromosome counts and present new counts for Croton, Manihot, Acalypha L., Astraea Klotzsch (previously classified as Croton) and Euphorbia L. species collected in northeast Brazil, in order to identify chromosome number variation among species, sections and correlate these data with phylogeny assumptions.
In the genus Croton, all species showed symmetric karyotypes, mostly metacentric and submetacentric chromosomes, except C. pedicellatus with a bimodal karyotype. Prophase condensation pattern and interphase nucleus structure were stable, with no variation among species although differences of chromosome numbers were found among sections and species. Considering the phylogeny hypothesis and the chromosome number variation observed in Croton, it is possible to suggest x 1 = 8 as the primary basic chromosome number of the genus. Secondary chromosome numbers as x = 7, 9 and 10 and their polyploids may have arisen by dysploidy. The analysis of sympatric species with the same chromosome number but with minor dissimilarities in interphase nucleus structure suggests other reproductive isolation barriers acting to local speciation in Croton.
For the genus Manihot, only one karyotypic differentiation was observed, namely in M. leptophylla (Manihot sect. Peruvianae D.J.Rogers & Appan): a chromosome pair with proximal secondary constriction. As other species from this section, M. leptophylla has scandent habit and wide distribution, occurring from Ecuador to northeast Brazil (Pernambuco state) (Rogers & Appan, 1973) . Similar karyotypic behavior was also observed in a Manihot sp. with scandent habit collected in Piaui (northeast Brazil; Carvalho & Guerra, 2002) , suggesting that a proximal secondary constriction should be a cytotaxonomic marker also of other species from Manihot sect.
Peruvianae.
For the other genera, we found 2n = 38 for Acalypha multicaulis, 2n = 60 for Euphorbia sarcodes (first chromosome counts) and 2n = 18 for Astraea lobata (confirming previous count). This study was supported by grants 11-04-00240 (to N.S. Probatova), 12-04-01586 (to A.V. Verkhozina), from the Russian Fund for Basic Research (RFBR).
ALISMATACEAE
Alisma plantago-aquatica L. ▲ 2n = 14, CHN. Kyrgyzstan, 3 km of Anan'evo town, the lakeside of the Issyk-Kul' Lake, waterlogged plots of the bank, 28 Jul 1978, N.S. Probatova & V.P. Seledets 5153 (VLA) . Potentilla intermedia L. 2n = 28, CHN. Russia, Far East, Amurskaya Oblast', Arkharinskii Raion, 10 km S of Kundur settlement, nearby the Khinganskii are n = 9 or 2n = 18; there are, however, earlier reports of 2n ≈ 50 (Sokolovskaja, 1963) , and 2n = 22 and 44 (Gurzenkov & Gorovoy, 1971; Krogulevich, 1976 Fig. 14D ] This is the first chromosome number report for this species. It corresponds with most chromosome numbers, known for other Prangos Lindl. species, although polyploids with 2n = 36, 44 and 66 also were found in this genus (Pimenov & al., 2002) .
Pseudotrachydium dichotomum (Korovin) Pimenov & Kljuykov 2n = 18, CHN. Uzbekistan, Kashka-Darja prov., near Djawuz village, basin of Djindy-darja, Kitab geological reserve, Chodja-kurgan stream, 39°11′ N, 67°17′ E, 20 Jul 2010, M.G. Pimenov & E.V. Kljuykov, 22 (MW) . [Fig. 14E] There is a chromosome number report (n = 9) published from Tajikistan (Vasil'eva & al., 1991) ; plants from Uzbekistan has been studied here for the first time.
Scandix stellata Banks & Sol. 2n = 20, CHN. Kazakhstan, Almaty prov., mountain system of Djungar Alatau, Chulaktau Mts., Taldy-sai gorge, 43°57′42″ N, 78°55′23″ E, 2 Sep 2011, M.G. Pimenov & E.V. Kljuykov s.n. (Cc) . [Fig. 14F] This species was previously studied at least eight times (Pimenov & al., 2002) ; the usual chromosome number reported was n = 10 (2n = 20), other numbers, n = 8, 2n = 16 (Garde & Malheiros-Garde, 1949) and 2n = 22 (Vasil'eva & al., 1991 ) also were found. 
* Schulzia prostrata

